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AbstracL.  ‘1’hc Multi]  nission  VICA1i I’lalJ]ler  (NIV]’) syshn is an
Al ])la]]]]i]]g  systmn which constructs cxcc,(ltall]c  i]uagc  l~roc.cssill~  lwc)-
gra]Jls h sulJ])oJt  opcrat,ional  Scicmce Analysis (C)SA ) rcq~lcsb made
{0 (IN ,JCt,  lkq)ulsion  IJallorat,ory  (~Pl,)  Mult,  imissiol]  1 map,c 1 ‘roccss-
il)g Sllbsystcnl  (MIPS). M V P  accepts m i~lput:  image fi]cs a]]d a higl~-
l(wc] s] )ccification  of dcsid corrcctiolls,  clll]all[(:]l]cllts,  out,] )lJt  ])ropcr-
tics (SUC11 as for mosaics). MW’ thcll  derives: Ilnspcciflcd  but mquikwl
] )roccssi]]g  StlqM,  rdcwa]lt,  image promssi]lg  lil )raly  progralns,  aIJd a])pr[)-
] JIiatc ] HMal)JCtlCr  sctftil~gs  for such progr:LnM  - co] Istruding  an cxccut  able
il]mgc ] )roccssi]  Ig prograJJ] to fi]l  the image pro(’cssing  request. MVP is
Currcl]t,]y available to analysts to fill requests al lcl rdllccs tl)c Cfld to
fill radiolJldri(:  correction, color t,ri])ld lCcollstjJ[lc,t)iol),  and I))osaid:illg
t:lSkS by OVCJ’ ?llJ OJ’dCJ’  Of llla&litll[k!.

I introduction

111 rccw]t  tilllcs,  ill)l~lov(:lll(:llt,s  ill s])acccraft illlagitlg  hardware llavc causal a massive
illcrcasc ill tfl]c al)lomltl of scimdjific  data and variety of scimcc  dala ])roducts. Silnul-
ta]lcous]y,  illcrcascd so] )Ilistication  of image ])mcmsing algorithms has coln])licatd  tllc
i I n agc proccssil 18 task. W]lilc umurillg  physical access to the vast alnoulltls  of spacc-
rdatd data call bc acllicvcd,  it is oft}cw  cxtrmndy  difficult for tllc average mu to
lIIalIagwLl)ly  l)rqmrc  and process tfllc availab]c  scientific data.

OJIC ll]ctl)od  for reducing this data access, lm])aration, al~d illl ZilJWiS I)robl(m  is
the (l(:v(?lc)])ll-l(:Jlt,  of gmlcral purpose data processing ]anguagcs and intcrfaccm. ‘1’llcsc
languages and illt,crfaccs allow users to across al ld procms clata witJlin a commo]l cnvi-
roJllncl)t,.  ]~or ilnagc ]n’occssing,  t,]lc VICAJL cnvironmmlt (Video ]lnagc ~ollllllllllicat,ioll
and 1 Mri ma] 1 ) [J,avoic d al. 1989]  is a ~najo~  collst,itucnt  of JI>I,’s ilJlagc processing

o~’j)iq IVor]{ ,$ras p~~foJ]l)~d l)Y ~,11~ J e t ,  r)ropll]sioJl 1x11 )oratory,  ~alifonlia  ]Il$tituk:  of  ‘~’~~l~llolofw~
UJId(IJ CO1lt,J’ilC(, wit,]] t,llc Natio~lal  Acrolmltics  and Space Administratioll. otllcn past and Imscmt
mcIIJ~lKIrs  of tl]c MVP tcaJn are C,hristil)o Ying, Shouyi }]siao,  I )armn Muty,j AlcJx (;ray, Joc Nickm,
al)d .Jcall ],orJ’c.

I ‘J]liq ,I:lll)c:  is Sc)l)lc:\vl):LI,  lllis]c!ac]illg  as VJC)AR is IISd to ])1  O(WSS  COJ)sid(!I  :Ib](> JI011-\7idC0  illla~c
data SUCI] as h4 AGIIX,I, AN syllthctiic.  aperture radar clata.



ca]ml)ilil,y.  VI CA]<. ])rovidcs  a standard int,crfacc  to allow a ~Iscr to rct,ricvc  video illl-
agc data al)d al)l)ly so])l]ist)icakd  inmgc  p rocess ing  algoritlhll]s. ‘lllic  lmi]lci])al  focus
of’ t]]c VI CA1{ systmn is p]a]lchry imaging, al]d as SIIC1l  it SU])]XJNS  imagi~]g  for J1]L
fligl~t,  ])ro~cct,s illcludi]lg  VOYA(;14;I{, VII<ING, MAC131,1.AN,  C; AI, II,lX),  CASSIN1,
etc. VICAli has lmc]] ap])lid to other space illlaging  IIlissions SUCIJ M 11)1S and I, AN] )-
SK1’. ‘J’l]c VI CA]{ systcm IJas also lMCII  applied to nu]ncrous OIIIC] applications ill-
cllldillg:  ast,mllol)lyj  cart,ll msourccs, land USC, biomcdicillc,  and form) sics. V] CA]{ is a
])rillci]ml comlmllcllt of tllc Multilnission Image I’rocessillg  I,aborat,ory  (MI] ‘I,). Outside
d J] ’1,, VI CA1{ mm’s  illcludc  ullivmsitim, the lllilit,ary, mscarcll  illst,it,utions,  acmsl)acc
col’])c)l’tltfiolls,”  colll]mlics, al~d Galileo  111 lPS (Ilomc ilmt,itut)ioll  ill la,gc proccssill~  sul)-
systlm)l)  sites wit,]] a t,otal user group of mm 1 O(I users.

VICA1<  allows individual  illlagc  ])roccxsi~~g steps (called VI CAI{,  l)rogralns) to bc
colllbillcd  into l]lorc colnplcx  ilnagc  proccssi]lf; scri])tls called lnwccdurc dcfillitioll  film
(1’1)1’s). As O,,C of their ],ri,),ary clutics, J1’IJ allal~rsts collstructj  1‘1 )1’s h pe r fo rm
ill I agc corrcct,i  o]l, ilnagc  cnhancm]lcnt,, construct mosaics, al)d to crcatc  movies and
rmldcr ol)jcctls. IIldividual promssing  programs perform fullctiom  sue]] as:

1. l)hotolnct)ric  corrcctiml - correcting  the ilnagc  for lighti]lg  conditions due to tllc
]msition of t,l)c sul] relative to the imaging dcvicc and target,

2. likcliol]l(:tli(:  corrcdion  - correcting  for valying cal tlcra res])onsc dcpmding  oll canl-
cra stlatfc  a]ld otjllcr  ])rol~mtics  such as where ill tllc field of vi(~w~  tllc image is mad,

3. lillc filli]l  - i]]tlcl])c)ltkt,i]~g  I]]issi]lg  li]]cs causal  by data t,rallsll]issioll  crrom.

1701’ cxalll])lc,  sllowll ill l“igurc 1 is a code, fragmmlt to l)crforlll l)ortions of image
IIavigatliol]  ]na]lual]y  usil~g  a Galileo ilnagc  ‘. ‘1’he l)igllcr-lcvd collccl)t,ual  steps arc
shmwl at, t,llc left, a]]d t,llc corrcspolldillg VICAI{, coclc  a{, the right,.  111 t,llis  case, tllc tasks
bcillg  accolll])lisllcd  arc acquiring initial navigation inforlnatliolll constructing  initial
ovcrla]) ])airs, rcfinillg  illit,ial  ovcrla])  pairs, checking for a previous t,irpoint, file, lnanually

.
gmcratling  01’ ll:fllllllg  tic]) oints, and constrllctillg  tllic OM matrix for ilnag~  ~la,vigatioll.
111 tlllis  case tllc ovcral]  user goal is to IIavigat,c the ilnagc. ‘1’hc otll]w subgoals (mid
st,c])s) arc ]]cccssary to su])lx)rt, this god duc to t,hc dclxmdcllcics  of’ VI CA}{ al~d image
IIavigatjiol].

11] older  to fulfill OSA requests for ilnagc  ~Jroccssi)]g,  analysts IJ]ust, crcatc  coInplcx
VICAli ])1’0~1’21111S, dctcrminillg  rdcvalltj  l)rograms, or(lcr of cxccutiol],  and paralllct)cr
set, tlillgs  using tllcir  hlowldgc of tllc processing steps and ])lwccssil]g }mograln  rcquirc-
lll(’llt)s.

lJllfortllll~~l,cly,  l~lanual col)st,ruct,ion of V1(;A1{ programs is l)otll  labor and kllowl-
dgc illtlcnsivc. '1'1](:  lTl CA1i, l)]oc(~(lur(:g  (}l~crati()lll  )r[)l)lcl~]  isalsoz  ll(]]owl(:clg(:i  l~tcllsivc
task i]] that a]] a]]alyst, lnust  ]mscss lolowlcclgc of:

1. illlagc })rocmsilj~  aIld illla~c  l)rc)c(’ssil)g])loglallls  (as of 1/93 tllcrcwcrc  ap]m)xi-
lllat(!l~~ 50 fl’(!qllcllt!ly w-d ])l’ogl’al Ils, SOIIIC llavillg  10s opt,iolls)

2. datalmsc  orgal)izatioll and datlal.)asc  laljc] infon))at,ion  to ull(lcrstlalld  tl]cstatc of
l’(:l(’viL1ltl  (l:Lt, a

3. t]]c VICAI{ ]~rogralnlllillg  lallguagc to produce aHd store rclmant, illformat,ioll.
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VICAR Code_—— —. -—-..

lKlsNAv  OuT..f#le.  llst NAv  PLANE 1=tar9et.0.1O  +
PROJECT..G1L  .SEDR=@  RIMSFIC.  Fll  ENAME=.l,lB  1s111)s[.

II Construct Inrha ovarlap  pair.  MOSPLOT
MOSPLOT  lnp=Wle.lt  s! NAVnl=i$”es  0.6ns.s3mples_0 6prqecl=.GLL  .
1 “,<,s  overlap Is ],s!  a holder  for the merlap plot
dcl  COPY Pr,nl,  onx PII “,.s  . ...18P
d.! Pr,n!Jnoteod “,”s  werlq

II Ref,oo In,tlal we@ Pairs edlb,s
E[lIBIS lNP..f,la.l,st  OVER”

II Mann,atch  mow,.  Ill.  Irst
1, 11 there  IS M exl%t,ng  t,@nl Ill.
II Check w a t,epl”l 1(1,  exists

II The 10IIow,w  coda  $s In wtilien WS
II LOCAL SIR STRING INIT = .
LE1 _ONFAIL  .,COM1lNU~  l(Alloh lhetiflocanl,n”e

II H a f,le  Is not fw”d
DCL tIEASSIQN  NAME
DcL DEFINE  NAME ,FwFmcHyf,\e.  Ih31  TV
LOCAL STR SIRING
TRANSLOG  NAME STFI
LF1 .ONFAIL..  RE1URN” II Set POr 10 ret”,,,  oner<or

lb (STR . .)
MANMATcH lNP=(We_ll$l NAW,%..  18s( OVE W) +

OUT.lIe_lIst  TV PROJECT..G1 L . SE[l  R FtLFNAh9F=.f,le.18sl  ILIST

II II m old ,roplnt  1(1. ..1s!s
II 1 he Old  1PM. Is Par!  01 (“WI erd 1,1st Wervwttw
ELSE

MANMATCH INP. W._k NAV, WI,. IhSI  OvE W,.f,)e.  1,.,  TF),
OLIT..I,  I.. hst  1P’ PROJECT..G1 1 “ ,S[DR F lLENAh&.l(k.  1,s1  IL(S1  .

,1 0MCOR2
0MCOR2 lNP. (lle.l>s! NAY,.l ,1,.  11$, 11>, PROJFGT..(.l.  L . GROUN D.@ GOOD
0MGOR2 INP=CIII..  IM NAV’,”f  Me. !,$< 1P”) PR[lJECT..C+  L “ GROUN& @GCOD

: Sample  VICA1{ COdc l“ragmcnt,
_—— ——

1 kcmwc of tlllc colnl)lcxity  and amount,  of }nw~ra]n  k]]owlcdgc  rdcvallt to tjllc  task  as
WC1l as t,l]c ]n<a])y il)t,cractillg  lmblcln  goals ,  VI CA1{ ljroccdurc  [;cncration is a labor
il)tml)sivc  task. <;cllcratiol]  of a complex VICAR procdurc  ~nay iakc u]) to ~nont]ls of
al)alyst,  t,ill]c.

(hlc  difficulty facil]g mlalystfs is the divcrsiiy of lmowlcdgc  requil d h produce cxlx?rt
v] CAli  1)1’OdllK!S. Wl~ilc  ccrtaill  VICAR users, SUCII  as cxlmrt analysts, may lmscss
]IIucI] of this k]]owlcdgc, the vast majority of VICA1{  usm arc novice to 0]1 C or more
as]wct, s of t,llis kl]owldgc. Unfortmlatcly,  this i]lcrcasm the difficulty of data access and
1 )I(:l):ll:ltlioll  a]]d il~crcascs tlhc load on experts who must spcl)d  a significant amount  of
tllcir tlilnc assislji)l~ tlllosc less knowlcdgablc. F’or cxm tlplc, a university mm may know
a grca{l dcd al)out, t,llc scicllcc  bcllincl trllc imaging and the tlhcory I)cllilld the ])roccssin,g
st,q)s l)ut IIlay I;]1ow little about  the ulldcr]yillg  assullll)tions of t] lc illll)lclncllt)atioll  of
tl]c l)roccssil]g  stcl)s or W CA]{ itself. Similarly, a prograln])lcr  WIJO writes processing
l)rograllw  ]l]ay kl]ow quite a I)itl about  tllcir par t icular  l)rograln lmt lnay cxpcricncc
difficulty ill writing  a VI CAI{ l)roccdurc to gcllcratc data to test his m llcr program.
‘1’llis  great Ilccd for VI CA]{ k]low]cdgc  exists bccausc of tllc si~l]ificant  tilnc ii kkcs
to 1 KXW1]lC I mficicllt  ill lllultil)lc  aspects of VICA1{. GcIlcrally,  a V] CA]{ user with 1-2
years of cxlmicllcc  is cmlsidcrcd a novice VI(;AI{,  us(r,  wl)ilc it lI]ay take 4-5 years to
lmco]l]c a VICA1{ (vqmrt.

2  Ovcl ’v iew

MVI’ [Cllicll 1994a,  Cllic]l 1994c] par t ia l ly  alltmnat,cs  gcl)crat,iol  1 of ilnagc l)roccssillg
I )mccdurcs  frmn user rcqucst,s and a l<llowlcclg(:-l)asc{i  Inodcl  of all ilnagc pmccssilg  area
using Artificial II]tdligcllcc  (Al) aut,omatcd planning t cchniqucs [1 ~vasaki and 1{’ricdlalld
1985, 1 ‘C]nbCrtjlly  and Wc]d 1 !392,  Stcfik 1981]. In fil l)lalmillg,  a systlcm uses: 1 ) a
]]]odcl  of actliolls ill a domain; 2) a model of tlhc current statr”., and 3) a sl)ccification
nf 111P  dPsirw~ sl, air!:  1,0 roasmI al)nlll, what actlinns  In iakr tn arllirvf? snn)o  sl)ocifirrl



I

l“igurc  2: MV1’ System Architcdurc
——— .—— —

goals. 1]1 V] CA]{ illlagc IJroccssil)g  tl~c actions arc V] (;Al{, ill)agc l)mccssing l)rograms,
tllc cmrcl)tf state is t]lc curmltj  state of the ilnagc  files of illtcrcslj,  and t,llc slmifica-
tioll of t]l(! desired State corrcs])ollds  to t,h(! Lmr imap,c proccssills  Koa]s.  ];y partially
autO1llatlillg  tfllc fillillg of basic, scicllc,c image l)roccssillg  requests, ilna~,c l)mccssillg  rc-
clucst(  tlurllaroul)d  tilllc will bc rcduccd, analysts tlimc will bc frcc(l for lnorc complex
and cllallcngi]]g  scicllcc  rcqucsk,  and analyst”’  ~z~orl<loa(l  will bc rdllccd.

2.1 7’1/c MVI’ A  Ichatc[:twc

‘1’11(! overall arcllit,ccturc for the NIV]’ systcm is shrew] ill F’ir;urc 2. ‘J’llc  user inl)uts a
l)rol )Ielll slmcificatjioll collsist,il]g of’ l)roccssillg  goals and ccrt,aill  ilna{~c  illforlnation  using
a IHcl]u-l.  msd  gral)llical  lwcr intmfacc. ‘1’hcsc  goals and problcln colltcxt arc t,llcll  passd
to tlllc CI(:coll)l)ositioll-basc(l planllcr. ~’hc dc:collll)ositioll-ljasccl  plallllcr uses image pro-
ccssillg knowledge to classify the ovcral]  problclll  type which tllc usw IIas spccificd  ill a
~)roccss  calld skcldal ylann,ing  [1 wasaki  and 1+’ricdland 1985]. ‘1’llis  (Iassificatiol] is then
used to dccoml )osc tll]c l)mblcn]  into smaller subproblc) ] M in a 1 nwccss called }I,zc7’c17c:}~i[:cJl
yla7/,71i7/.q [Stcfik 1 981]. ‘j’hc sulll)rol.)lclns produced by t,hc clc(:ollll)osit,io]l  process arc
tllc)l solved ill a l)mccss called opc7u,to7-based planning [1’cml.)crt,hy  a]ld Wc]d 1992], in
wllicl)  a l)lial]llcr  uses a dcscril)t,ioll of possil.)lc  actions (ill  this case illlagc  IJroccssillg
stc~,s) to ddcrll]i,)c  l,ow to acllievc  s,,l,prol.,lcnl  goals ;W i*ldicatd ly t,l]c ~Jrol.Jlcm dc-
co]]]j msitiol]. ‘1’llc rmllll,il]g  l)la]] scglncllts  arc tl)cn ass(lnl)lcd usil)~, constraints derived
ill (Illc (I{:(:ollll)c)sitlioll”  promss. ‘1’llc rcsultil]p; l)lall  is thcl) USC(1 to gmlcrat,c  an a c t u a l
cxccut,al)lc VI CAI{ l‘1 )1~ using cxn~vcnt,iol]al  code-gcncrat,ion t,cchl~iqucs.

MV1’ m-xx Imt]l [I(:(:ollll)ositlioll  ancl  ol)crator-based plannil]g  l)aradigll)s  for two rca-
so]ls:  scarc]j co]]t,ro] a]ld user Illl(i(:lst,all(lability.  l)lans in the NIV] ) (Iolnaill  call I)c o f
(:ollsicl(:lt~l)l(:  lc]lgtl] (u]) t,o I ()() st,clm)  and ca,cb  step (or VICA1{ l)rogrwo) call illvolvc
reasoning  almutl nmncrous  comp]cx  effects (ma~]y ol)crators  have tlclls  of cffcct,s). lhc to
tfhc large scarcl~  sl)acc caused I.)y this complcxitl.y,  convcld,iona]  [)l)cl;~tol-l)asccl j)lanning
al)l)maclles  arc IIot al)lc to tractal)ly  construct, l)lalm in the V] CA]{ dol~lai]l  without,
sigllifi(:alltf  colltfro] kl]owlcdgc. l~y Ilsillg t,llc (1{’cc)llll)osit,ioll  ~)lallllil]~  ~)aradigln, MV1’
I)rcaks 111) tll]c large scarcll sl)acc l)lanl)ing  proljlcnls caused hy illc colllplcxitjy  of the
;I>, mr,..,  ,.l., >.. n..’!;,>., ,...l.la,  ,,c. c. ;,l +<. ,>., ,,l+; ..1., .!,.  >.,11,,,  ,.,.  C,l.l A,,, C1 + 1,,,.1 >.n.l, ,r.;  .}m i 1.0 c!nn,. r.l,



IJrol)lell)s c!llcc)lll]t,(:l(](l  dllring o])crator-basd  ])lal]])il)[};.  II Id(w(l,
sit,io]l rules used  ill MV1’ can l)c considered a very iml)ortal)t,
li]]owl~(l~(:  csscllt,ial to MVI’S illlage l)roccssing  cal)al  )ility.

MVI’ also mm clt:collll>ositliol~  -l~as(:(l” planl]illg  for Icasolls of

tll(: ])1’01)1(:11”1  dfxolllpo-
fol’11”1  of Scarcll  contro l

US(II [Illclcrst,allclal)ilitly.
lklJ  if a l)umly  ol)clator-1.)as(:cl  ~)laming al)pmac]l were able to gm]cmtc ldalls to sdvc
tl]c VJCAI{ ]m)l~lc]ns, tllcsc plal)s would  h difficult for MI] ‘I, mmlysts to mldcrstallcl
lmausc  MI] ‘1, and ysts do not consiclcr  an entire image pmccssillg lmoldcm  all at once.
‘1’yl)ically,  a]lalysts  Ix!gin  by classif~~ing  the general pro] dem bcillg  acldrcmcl  into onc of a
gmlcral class of l)roblclns, such as lnosaicking,  color tril )lc l~roccssin~,  etc. ‘J’llcy t,hcn usc
this classificatiol~  md the l)roblun  context,  to dccomlmc  the plan into smmal  abstract
st,cl)s,  SIIC1]  as local corrcct,ioll,  navigation, rc~)istratioll,  touch-ups, etc. lkxausc  MVP
uses (Ie(:ollll)  osit, ioll-l)asc(l  l)lanl)ing  to reduce the original inmgc ~>roccssillg problcm,  it,
cml easily l)roducc al] allllotlat,cd trace of how the ovcral]  l) Iwblc]II was (Jassific(l and
dccol II])oscd, sil])])lifuying a]]al.ystj uudcrsta]lding of the ])lan p;cncration  process.

2?. 2 ,Tkclciol a?~(l IlielCIB7C:l(i[:al l>la)n,n,ing Using I)cco171])o.5it.i  oI1s

M V 1  ) ildji:gratcs  (I(:(:c)lllljositlioll  and o~)crator I)asd ] )lanllilkp,  l)aradig]ns. M171’ first ]

rcduccs a j)rol)lcl]l using dmom~)osition  metho(ls,  thcll solves tll]c resulting subproblc]m
using olx:rator  l)lallllillg  t(ccllniqucs.  IL4VI’ uses kllowlc(lgc  K:l)rmcntd as dccolllpositfim
rules to j mrfor]n skeletal and llicrarchical planning.

2.2.1 Skclcial and lliCTCLI-ChiCal  Planning in M VP

,Skclctal plallllil]~  [Iwasaki and Ikicdland  1985] is an approacl] to l)lanlling  which casts
IJalll)illg as a structured classification problem. in skclcta]  ldalll)illg,  a plamler  iden-
tifies a ]lCW l)roblc]ll as o]]c of a gmlcral class of l)rol )l(!ms l)ascd l]lmn tlJc goals and
initial state. ‘J’llis  tm]ll~iquc was originally dcvclopd  as a mode] of cxpcrimmt  design
ill Illolcclllar  biology; llowcvcr, skeletal plal~nin!, is also illl accnlratc  II1O(1C1 of how expert
a]lalysts  at,tack  VI CA1{ l)rocdurc  generation l)roblclm. ‘1’ypical]y,  ill a VICAR I)YOIE
lclll, them  is a cclltral goal for processing , sucl] as lnosaic]{ing,  wllicll tllcll dictates a
CIcc[)llll)ositliol)”  of tlllc overall lm)blcIN into SIll]I~lOl~lOII-]s”  such as local comctiml,  llaviga-
tioll, and rcgistratio]l. MW’ attacks a VICAR  problc]l]  by first dctcrlllining  the general
l)YoIJcI]] class, and tllcll  using this l)roblcm class to perform all initial dccolnpositiol] of
tllc tol)-lcvd  ilnagc l)mccssil)g  goals.

1 licrarcllica] l)lalll~il~g  [Stc!fik 1981 ] is an alq)roach t o plamil~g where abstract goals
or lnwccdllrcs arc illcr(:ll)(:l)tlflll~~ rdind into ]nom and ]norc S1 )ccific goals  or pmcdurcs
as dictatd l.ry goal or I )roccdurc clcco]lll~[)sitliolls. MW ) uses this al )l~roacll  of hierarchic-
al (Iccolll})ositlioll  to rofillc the initial skeletal plan into a more sj)ccific plan spccialimd
l)asd o]) tlllc slmcific current  gods and situati(nl. ‘1’llis  allows tlhc ovmall l)roblcm  dc-
col N] msitioll  to be ill fluclwcd  by fidct)ors  sucl~ as the prcscncc or al mu J cc of certain  image
calilnatlio]l  film or tll)c tyl)c of illstmmcnt  and s~)acccraft  used to rc(:old tllc il~~agc.  l!’or
Cxallll)lc, geometric corrcctiml uses a model of the target ol~jcct to correct for variable
distallcc  frolll tl]c illst}rmnmlt to the target, l~or VOYAG}~Ii  ima~,es,  geometric cor-
rcctiml is lx:rforlncd as l)artf  of tl)c local correction procmss, as gcolnctric dist)ortio]l  is
sigllifical)t, c))ougll to require immediate correction before other  ilna~c  l)roccssing steps
(:all 1)(! ]W1’fol’llld. 110WCVCY, for  (l Al,Il,NO  ilnagcs, gcolllctric comcctioll  is l~ost})ol]cd
u~loil  (Iljc ~c~is(llatioll  sk~),  wl]crc  it call bc ])crfbrlncd  l]lom cflicicllilly.
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LHS R H S
GI = initial goal GR = reduced goal

setiactions set/actions
CO= constraints ==> Cl = constraints
CL = context N = notes on

decomposition

l’igurc 3: llccoml~ositio]l  Iiulc  Syntax

—..——— . .
LHS RHS

Gl= mosaicking goal present G R . 1. local
correction,

Co= null 2, navigation
C2= an initial classification 3. registration

has not yet been made 4, mosaicking
5, touch-ups

cl = these subtasks be
performed in order
1,2.3.4.5.
protect local correction
until mosaicking

N= problem class is
mosaicking

l“igurc  4: Skddal  Planning 1 kcoml)osition  Ru]c
—— .

MVI’ US(W a (l(:(:ol~)])ositiol)”  a])pmaclI [Lanslrj 1993, Em] d al. 1994]  to perform Skeletal
alId 1 licl’amllical  l)lanllillg.  III a [Iccolllljosiilioll”  approac]l,  clccc)llll~[)sitioll  r u l e s  didat,c
now to break a l)roblc]n  into slnaller ]Moblcms, In mal)y cases, it is possible to dccoln-
1 )osc a 1 )rol )lc]]] ill scvcra] ways. 111 these cases, tllc 1 danncr t,l}cll  scarcllm t,hc space
of l)ossildc  (lccollll~ositiolls.” IXmmposition  approaches arc cxtrcmcly  l)owcrful ill tlllat
lllan.y otlllcr  lmradigpns  (such as modal truth critcrio~)  planning [IJald{y  1 993] call bc
inll)lclllcntcd  ill a (Iccolllljositioll-l  .)asc!(l”  alqjroacll.  ‘1’hc syntax for a dcconlposit,icm  rule
is sllow]l ill IPifyr(!  3.

‘]’his rule statm tl]at  a set of goals or act,iolls G’, call  bc rduccd  to a IICW set of goals
or actions G’]{ if tllc set of constraints CO is satisfid  ill t IIC currmlt l)lall  and tll)c colltlcxt
Cz is satisiid  ill tllc curmltj  l)lan l)rovidd  the additional comtlrailltls  Cl arc added to
tlllc pla]l. Skeletal l)la))lling  ill NIV]’ is iml)lclnclltcc]  in l)y cmcoding  decomposition ru]cs
wllicl)  allow for classification and initial clccolnl)osition  of a sd of goals corrcspolldillg  to
a VICAli  ])rol)lmn  class. ‘1’hc 1,}1S of a sldetal clccoml)ositioll  rule ill MV1’ corresponds
to a set of collditlio]ls specifying a }moblcm class, and the RHS specifics all initial l)rol.)lmn
(I(:(:ollll)c)sitiol)”  for that ~mol.)lem  class. For example, l“igurc 4 shows a (l(:collll)ositiol)”
rule for the l)roblmn class mosaicking with absolute nuuigatirm

‘1’llc sillll)lificd  dccollll)osit,ioll  rlllc s11ow1] ill I“igurc 4 states t,llatj  if lnosaicl<illg is a

I@ of t)ll(:  1)1’ol)lclll  al~~l all illitjia]  plol~lcm (Iccom])ositioll has liot yet lxm made, thcll
t)llc ini t ia l  l)loblcll]  clc:(:[)llll)ositlic)ll  s h o u l d  l)c illtlo tl](! subl)roblcll]s  local  corrcctlion,
lmvigat)iml,  Ctfc. al]d that,  these  stcq)s mus~ l)c pmformd  ill a (Mail]  o r d e r . T]lis
A.ir!. .,>.,  >ac! ;4 ;C. ,, ..l.>C. ‘I>.,>  r.; (;nc> i 1,0+ + lifi lC.,,’,l .Jn,.,.n.,+ ;,.,. .Wc, nl<, ,>,1,.,4 l.n l.>ni nr.t 0.1 Cl . . . . . . . . .



LHS RHS “-
Gl= navigation action present GR = 1. absolute
Co= null navigation
C2= the project is VOYAGER c1 ~ null

or GALl LEO and N: null
limb present in all images

Figure 5: IJicrarchical  lkfinc~llcnt  I)ccxmposition  1{ lllc

the l)avigatioll and rcgistlratiol)  ljroccsscs. III general, MVP lmmits  goals and abstract
steps to 1 )c sl)ccificd  ill tllc G] a]ld G]{ fields. ‘1’llc constraints Co and Cl and Colltcxt,
slwcify rcst,rict,iolls  0]] wI]c]) the rule is applicable, al)d illcludc  : I constraints on the
ordering of stcl)s or goals; 2. constraints m tllc assi{ylmcnt  of variables rcprcscllting
Ol)jcdjs ill tlllc  l)lan; “&oals  or steps tlhat, must bc present ill tlllc  IJlall; and 4,  goals
or stlcl)s that arc not allowed to bc present ill the plan. IIicrarcllical planning is also
ilnliclllclltcd  witlllin  tllc clc(:ollll)osit,ic)ll  framework. in this case LIIC 1,11S spcxifics a
context, i)] wllicll a set of goals or actliolls  call bc dccx)mposcd  illt(o a ]owcr level sctl of
goals or actions. 1{’or cxam])lc,  the dccoml)osition rule ill l’igurc 5 states that if the
lil)lb is prcscntl  ill al] of tlllc  ilnagcs (nlcallil)g  tlllat tllc sun-facing dgc of the planet is
visible ill al] of tlh(! inlagcs ), for VOYAGhX  al]d GAI,II,PX) i,]~a~cs, tllc navigation step
call k lmforlncd  l)y almlutc IIavigatliol]  (a process ill which cad] of the images call bc
llavigat)cd  ill(lt:l)(:l)(l(:lltly).

‘1’llis  (l(:(:ol)-ll)ositioll-l  .)as(~cl  al)l)roacll to skeletal al)d hicrarcllica] ldanning  in h4V1’
has sc!vcra]  stlmlgtllls.  First, the decomposition rules very IIat(urally rq)rcscntj the lnan-
llcr ill whic]l I,llc mlalysts  at,tack t h e  proccdurc  gcncratio)l problc]n. Tlms, i t  w a s  a
relatively stjrtiigllt,folwarcl  process to get the analysts to articulate a]~d acccl)t classifi-
cation  and CI(!c{)llll)[)sit,ioll  rules for the subareas which wc llavc ill)}.)lclllcl]tjc:(l  t]lus far.
%mn]d, tllc llotcs from tl)c dcxo]llposition rules  used to dccomposc {11(3 proldcm call bc
used to a]l]lot,at,c  tl]c resulting 1’I)F  to make the -‘- ‘“ ‘-
to tllc  analysts. ‘.l’llird,  rclativc]y fcw prol)lcln
cover a wide raI ) gc of I )Iwbl(!lns and dccomposc

\/1 CA Ii programs ]Ilorc lll-l(icrst,alldat.)lc
clc(:oll)l~ositioll”  rules arc easily able to
tlIcIn into muc]l snlallcr sill.)l>rol.)l(:lrls.

MVP lwcs classical operator-based planning txdmiqum  to SOIVC  SU1 qjroblcms produccc]
by tlllc  cl(~(:ollll)osit,  ioll-1.)as(!(l  plal)ncr. AD operator-based plallllcr lU+CS:

1,

2.

a modcl of act,io]]s  M (ill tl]is case tllc ]nodcl rcprcscI  Its tlIc rcquircmcnts a]ld
cffcds of individual VICAIL steps);

a sl~(!(ifi(::~tji[)ll of a curm)t stak C (this corrcsporlds to t)l]c curmltl  d a t a b a s e
stat(:) ; all(l

a slmcificatlioll  of a goal criteria G (this corrcspo]lds to user request specification)

to derive:
a SCK]UCIICC  of act, io]]s A, that when cxccutcd ill the currcl)t  stak C, result, in a state

which satisfies t,hc goal criteria G. 111 this case A will comes] )ond h t,hc VICAR script,
41.0 ,..>C.,,  ., C,,, .,.. -,1.4.. 4 ,-, ., -r<.,.... 4 1. _ :,.. -,,.0 ..,.,. ..o!; !n.. n. 4 O.!lr ..4 1, -...1



111 {Jl)crallc)l-l)asc:cl  plamling, ml action is rcprcscnted  in tmns of its prccouditlicms
(tllosc things  required to bc true before an action can Iw cxccutcd),  a,,d its cflccts (those
tllillgs true after a]] acticnl is cxccutcd).  l’or cxamp]c,  in VI CUA1{ illlagc proccssillg, the
l)rogran] GA1,SOS is used to radiomctrically  correct Galileo image files. ~’his would lJC
rcprcscntcd  by a planning  action for the GAI$OS program, which cou]d Ix apl)licd  to
all illlagc  file< ‘1’his action would have the pmmditiol  1 that tllc inmgc file Ix: a Galileo
illlagc  file. ‘1’his action would also have the cflcct that the image file is radiolnctrical]y
come.tcd afkr GA] ,S0S has IJCCI] ml.

Wllcl] constructing a ]dan to achicvc  a goal G 1, a l)lanncr will consider those actions
wllicll l]avc G 1 as an cff’cctl.  ‘1’bus, if tllc plallllcr wal Itcd {10 achicvc  that a particular
ilnagc file was radionlctrically  corrcctcd,  it would consider applying t.hc V] CAl{ program
GA] ,SOS o]] t}~c ilnagc file. If a p]anncr dccidcs  to add an action A I to a l)lall to acllicvc
a goal, it will tllcll llavc to achicvc all of the preconditions of A 1. ‘1’his  l)roccss  is called
.wbgoa,ling.  1~’or cxallll)lc,  tllc Vl(~Al{ progra~)l PTP  rcc~uircs that all i m a g e  file bc ill
byte forll]at, before 1> ’1 ’1’ call bc applied. Thus if the planner dcci(lcs that  it wants to
al)l)ly tfllc 1) ’1 ’1’ l)rogra]l] to a file, it thcll  lnust, c]mIc that tlljc illlagc file is in byk
fbrlllat.  111 soll]c cases t]lis will already I)c t)ruc, ill oillcr cas(!s rullllil)g  a l)rogralnj  to
cl]allgc  t)llc file f’orl~latl  ll)ay k required.

1 ‘Iallllillg  is also collll)licalmd l)y the fact that there arc typically ildmactiolls  bctwcml
suljl)artls of tl]c l)lal]. ‘1’]lus, actions illtrocluccd  to achicvc goals in onc l)art of the l)lan
lnay mldo goals achicvcd  ill anotllcr  part of t)hc plan. ‘J’hc lJIWCCSS  of cnsuri~lg that such
illtfcractliolls do not occur is called protection. 1 ‘rotcctlion  call  involve such measures as
clmlring  that  tllc goal is no longer nccdccl when it is undone, or cnsurill?;  that  the offclld-
illg action  cif’cct  dots not ill fact refer to the same object  as t)hc acl]icvcd  goal (by crc-
atillg a col)y of a file, for cxam~)lc).  Wc have m]ly briefly skckhml  some of Lhc clcmcnt)s
of [)l)(:latol-1.l:~s(:cl  l)lallnillg,  for a more detailed trcatlncnt  of ol~cl:]tol-1.)asc}d  planning
al.goritf])l])s  tlllc  reader is rcfcrrcd to [1’cmbcrtlly  and T? TcIc1 1 9%2, Cl)aplnan  1 %37].

‘J ‘o i] lustratlc  tl]c o] )crator-based I )lanning  process, comidcr  t)l)c (simldificd)  image
l)roc(!ssi]lg o})crators  showu ill 1{’igurc  6 . lllis information call 1)(I smnmarizcd  by the
inforlllatlioll  sl]ow]l Mow indicating the relevant prof;rams for acllicvillg  tlhc goals of
lnissin~  line fillil),  spike rclnoval,  and racliomctric correction for Voyager and Galileo
ilnagcs. Wl]cn constructing a plan to achicvc these goals, dcpclldillg o]] t(hc l)rojcct of
tllc illlagc file (e.g., citllcr Voyager or Ga]ilco),  MVP can dctcrminc  tll(! corrcctl program
to (m l)ccausc  tllc l~lt:(:c)ll(litiolls  cnforcc  the correct p]ograln  sclcctiml.

Voyage]” Gali](!o

fillill  lilissillg  lillcs VGIW’11 ,I,IN GI,I,I’’II,I,IN
rc] l]OVC s] )ikm AI) F; S1’II{}+; Al)l~SPIKl~
radionlct,ric corr. l“lc OIt77 GAIJSOS

11 Owcv(!r, dctlcrlllilling  the correct ordering, of actions can sou)ct,ilncs  bc colnl)lcx.
1]1 this case, tlhc mrrcctl order to achicvc the goals of line fill in, sl)ikc rcllloval,  and
radio  lllctric  corrcctliol) is dcl)cndcnt upo)l the l)rojcct of the file. 11) the case of Voyager
files, Al)l~S1’ll{l; (sl)ikc removal) requires raw pixel va]ucs and I’IC;OI{77 (radiomctric)
Ch:Lll~CS ])iXCl Valll  CS t o  COI’I’CCt  foI” CalIIC~a IWS])OIISC  fllllC~iOll , so 11’ICIC)1{,77  rcl IIovcs a
IIcccssary condition for AI)l{XI’II<E.  This intclact,ion  can bc avoided by c~}forcil]g  that,
Al )IMI’IKIJ occurs lmforc F] CX)li77. VGIU’’IIJI  ,IN requires bi~mry  l;] )1{ header on tllc
:....>wn (:1,. ..,1.:..1, ;. >...J . ..-.., i..:..l.l 1... A T)1,1C2TJ11ZT7 41.; ., ;,.4n,.,...4 ;.... ..  ’.,, 1 . . . ~ . . . . ..lli.l 1..,
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Operator VGRFILLIN GLLFILLIN ADE:SPIKE  —
—  ..—

“FlcoR77- GALSOS

Preconditions VGR image GLL image (GLL image) VGR image GLL image
EDR present or ((VGR image) raw pixel values

and (raw values))
Effects missing lines filled in . . . . . spike removal radiometric corr. radiometric corr.

not raw values blemish removal reed-solomon
overflow corr.

not raw values saturated pixel corr.
not missing line fillin

l~ig(m 6: Simplified ol)matlor  D(:fillitiolls

rcquiri]]g VG1<l”II,1,1  N to 1.JC cxccutcd before ADl~SIJl  [<E.
‘1’l]c Galileo CM} is slightly diff’mmt. GAIXOS  u]ldocs  missillp,  lillc fillin so tll.at it

illtcrfcrcs wit]) GI,l JI{’IILIN. ‘J’his  illtcractioll  call lK a~widcd  by cllf’orcillg  G] ,1~1’Il~I,IN
aftm  GA I,SOS. Additiolla]ly, GA1,SOS rcquirws raw pixel values, a]ld ADI+XI>JK}{;  alters
tllc l)ixcl values, so Al )}’;S1 ‘IKE intmfcrm  with this condition. ‘J’llis intcrmtioll  GM bc
avoided lry rcquirill~ that  GA IJSOS occur before AI~l’XI’IKF}.

voyager’ Galileo
Fkccutiml  order: VGIU{’II,I,lN GA1.SOS

. ‘his silnl)le cxaln})lc illustraks  the types of interactions and COII cxtl-s(;llsitli~~itly  that
tl]c VICA1{ illla~c processing al)~)lication  entails. All of these interactimls  aud colltcxt
s(v)sitivc  l’(:(lllil”(!ll-](:ljt,s arc dcrivd and account,cd  for automatically l.)y MVP using  the
o])crat)or  s])ccificati(m,  thus allowillg  construction of p]alls  dcs])itc conlplcx illtlcractions
~aud coll(litiolls.

h4Vl } also ilmlat)cs  tllc us(!r froln many of tllc lower- level ildjricacics  of image procms-
illg by tklltfoll-ltltic:llly  achicviug subgoals. To illustrate IIow the ol)(}l:~tlor-l~asccl”  plalming
l)rxmss lmrfor]ns subgoalillg, consider the subgoal gral)ll illustrated ill P’igurc 7.3 In this
case tlhc USC] has sclcctlcd the goal that  the images bc llavigaljcd  using Ilmlual  mctllods
al]d t h a t  tllc arclliva] IIavigatlion illforlnation  fo r  Lhc iulagc  sl]ou]d k ul)dailcd.  ‘J’llc
(lccolll~~osit}ioll  l)lallllcr  has access to the lmow]cdgc that,  in order to IIavigat,c the image,
tllc olmratiollal  goal is to construct, all OM Illatrix which defines tllc t,l’allsforlnati{)l~
from (Iillc, sarnplc) ill the image to some lmow]l frame of refcrmlcc (usually the position
relative to tfllc target p]anct,  ccntm).  The planllcr knows illat ill order to compuk  this
lnatrix  it IImst,  l)avc a t)iclwint file, tllc ~)rojcct of the i] nagc, and t] Ic illlag(!  fdcs format-
td into a mosaic file list. In order to l)roducc a ticpoint  file for tll)c goal specification
of ]na]]llal  llavigatioll, tllc l)lam]cr uses the MA NM A1’CH  ]) N)~l’al Il. ‘J1lIC MA NMNJ’CII
])rograIIl ill tllrll r equ i res a  rdi])cd  ovcrlal)  l)airs  fllc, tl)c ])rojccll  o f  {Il]c illlagcs,  t h e
illitlial  l)rcdict, il~formatiol], and again a lnosaic  file list. ‘1’llc rcfil]cd overlap l)airs file
call bc (:ollst)rllctlcd  usil)g tlllc 1~1 )1131S l)mgranl,  buil t] lis rcqllilcs a crlldc  owrlap l)airs
file l>ascd 0]) all initial l)mlict source. Tl)is crude ovcllap pairs file ill turn rcquirws  t(hc
default IIavigatioll  mctlhod,  and tlhc latitude and ]ongitudc of saml)le  ilklagc film. ‘The
rest of tllc .gal)]l  is gcncrat,cd  sill)  ilarly. This subgoal {’;raph is gcncrakx] ill rcsl)ome  to
tl)c particular colnl)ination of user goals and the statv  of the sclcctlcd  ilnage film.
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G L L C t. M ‘P A P.

/
pr<)),w

‘G’c<,,,,,jc’ effect
ww[~r>wzo  = operator
underlined top-level goal

Opbratur  m  —
initial slate  satlsllod  condlllon

norrwl oporalor  precondition sallsf!ed  by eflecl
hnes are drawn Iron)  c81 #erator  precorldlhons  to op[!rdlorb  to eflecls

preco”d(bo”

l“igt]rc  7: Sllbgoal Graph fbr hlanual  l{clativc  Navip,ation of Galileo llnagc F’ilcs
— .

hflV1’ also uscs operator-based planning t,cchniqucs  to dctcrmillc  correct l)rograln
ol)ilioll  scttillgs. MVI’ uscs preconditions to rclmxeni  various l)m{~;ralll  option  settings
and tllc situations ulldcr which tllwy will achimm clesir(:cl  dfccts. ‘lllll]s,  whml al] actio]l
is sclcctcd to acllicvc a goal, the correct prograln  opticul settings hav(! also automatically
lwcll dctmlllillcd.

3  status ancl 1 In]xd’
,“

MV1’2.()  is illlplclncllt,ccl ill C and run; .SLU] Sl)arcStations  under LJllix and Motif and
1111(IC1’ vMs 011 Vaxcs. MVI’ isclllrcl-ltl~o  ~jcr:~tio~lal  ay~clavt~ilal)l(:fc)~t~sc  by analysts
attJ1’1,’s Ml~lti)llissioll llll~~gc  l’ro{:cssillgl,  al~or;~t,o~y  (illI1’1,)  fo~ra(lioll~ctliccorrc  ctiol~,”
color tlril)lt!t l(!(:{)llstlllctjioll,  and lnosaicking  with mlativc or absolute IIavigat)iou) rcgis-
tratic)ll,i  ill(lsi l~ll)lcfil t(:rillg:~ll  (lst~ctcllil)gt[  ~sl<s. Fortllesct asl{sMf  ~l’lc(ll~c(:scf  lt)rt to
gcllcrat  call  initial l’1)l’’ fo ran (:x])crt  analyst,flom  1/2 adayt,o  15 l)lillllt,csa~lclrccl{lccs
tll(!  cffortl for a novice analyst from scvcra] clays to I hour. ‘1’llus, by using MV1’ au
allalystl acllicvcs over al] order of IIlagllitludc improvmnmltf  ill l)roduc:llivit,,y  ill gcllcratillg
ilnag(!  l~roccssiug  l]l)l”s.

4 Application lkwclopmcd and Deployment

lllitial  cicvc:lc)l)lllc~lltc  )ll{,llcM  V1’collcc}l~t  bcgallin  Aup,ust  1992 an(l al)roofof(:ollccljt
clc:ll~ol~st,rat,ioll  systc]]] MV1]() was produced  running  in 1,1S1’ o]] a SUN spamstatiml
l)y latlc Sc})tclnbcr  1992 for basic correction tasks (radiomctric  corrcctlioll,  missing lillc
fillill,  (lcsl)il<illg (l:Ltla, l)llotolll(:tfIicc  orrccti(Jll,l )lclrlislll  clllovalal  lcllcs(:allrcl llovtll)  f o r
Voyager l)rojcct  ilnagcs. ‘1’llis  dclnonstratio]l  was ilwokcd using a tcxtl-based intcrfacc
all(] acccsscd  a dulnlll.y i]nagc datal.)asc  rat)hcr t,]lan acxx:ssill,  g tllc ac,tl~~al  illlagc dat, abase.
7’hC! COIiIj)lCtJC cfiblt  for tJIc Ijloofof(:ollceljt,  demonstration was approximatlc]y  1 work-



lnolltll.
‘J’llis ])rotd)yl)c was W C]] rcccivcxl  by the analysts, and work bc~;an m a more com-

IJlctc ~)rototyl)c  MVP 1.0. ‘J’his vcmion was also implcmcntcd  in 1,1S1’ and acccssc,d a
dum]lly ilnagc database in flatfilc format. q’lie! domain theory for MVIJ 1.0 cxtcndcd
hNI’0 by including Galileo project images, ancl added absolute IJavigation  of images
as wc]l as scvcra] silnplc filtering a~lcl stretching options. MV1’1.0 Ilscd a graphical user
i~)t,crfacc rulll~illg u1]cIc1 O})cnlook/X. MVP 1.() was coplcted by h!larc]l  1993.  hIVI’ J .(I
was further cxt,cndcd  to cover a])plicatio~) l)rogranls for registration of data and silnl)lc
lllosaickillg  tasks  ill vcrsioll  1 .1 ,  whic]l w a s  coInplctml  ill Scl)t,cml  )c] 1993.  ‘1’hc coln-
l)lctc dcvclolnllcnt,  cflbrt for hlVl’  1.() and 1.1 was al>l))oxill-latc:ly  ().9 work-ycam, which
includes analyst,  tilnc and MIP1,S ~mogramming  support.

1]1 octobcr  1993, work began on MV1’2.O which was il~tclldcd to be. an opcrat,ional
systmn ill t,llc Multi]  nission  Image Processing I,aboratory (Ml]”’],). 1+’roln  an AI p]anlling
st,andlmillt,  j MV1’2. () would  bc very similar to MW’1.1 , with tl~c major  cliffcrcllcc that
it was to bc writlt,cll  ill C. ‘1’his  included migration of the clc(:c)llll)ositlioll  pla~mcr (to
CI,I1’S) al~d illtc~ratjioll  of Flex and 13ison to parse illputj ol)cratfor  and ru]c files. The
m:~jority  of tllc })ort, was complctcd  by March 1994, with April and May being spent
m tcstillg,  dcvclol)ing  a Motif-based GUI, and interfacing MW}2. () to actual  VJCA1{,
database access mutincs.  MVIJ2.  () was imta]l(!d  in Ml 1’1, May 1994. 1 )uring  the sum-
ulcr of 1994, hflV1’2.O was cxtc])sivcly  tested ill tl)c opcrationa]  setting and usccl to
g(!llcratlc  ilnagc l)roducts.  Silllllltallcollsly,  it was cxtmldcd to cover more complex cor-
rection  tasks invo]villg  registration, and relative navigation. Also, during  this period, a
munbcr  of kllowlcdgc  base dcvclopmcnt  tools were produced [Cllicl}  1994b]. The com-
l)lctc (I(:v(:lc)l)ll-lcllt,  cfIbrt for hflV1’ 2.() from Scl)tcmbcr 1993 tl)roug]l  Scptcmbcr  1994
was al)l woxilllatcly  2.2 work years.

(hlrrcllt  efforts focus 011 two fronts: 1 ) cxlmnding the don]aill  covcragc  to furt]lcr
image l)roccssing tasks ; 2) l)rovidillg  a dcvclop)~lcl~t  cl)vironmcl~t  to facilitate cxtlcnsion
to ncw il)lagc proccssil]g tasks ; and 3) ficlclillg  hJVl’ to a Illlivcmity VI CA II, ilnagc
proc,cssillg  site (called 11 olnc 1 nstitutliou 1] l]a~c l’rocmsillg  Sites or 111113 S). Wc alc
curmltly worki]lg  m cxtmdillg  tllc domain knowledge rcl)mscntcd ill hlVP2.  O to cover
mom Col]ll)lcx  IIlosaickillg  tasks as well as filtering al)d st,rctcllillg  tasks. ]Icvclopmcntf
cllvirolllncnt c~llllallccll~cllt,s  illcludc  tools to analyze ol)crator  sets aI]d rule sets to find
siml)lc errors (e.g. tylmgraphical  errors) that result ill domain theories where 110 actions
can achicvc  a goal. ‘1’owards  ficldillg MVP at a }IIIPS site, wc arc currently in co~ltact
with pcrso]]ncl  froln tllc dcpart,mcnt  of Geology at Arizona Stat,c University about a
cc)llt~l~olt~tiv(:  cflort to field MV1’ for Ga]ilco al]d h~a,gcl]a))  scic]lcc i]nagc processing.

5 Maintcnancc

IIlitial dcvclol)lncllt  of tllc l)lanlling  kllow]cdgc base was pcrfonncd  ljy 1,1S1’ programmer
AI l)crsoIIIJcl  with significant background in Al plannin{j;  systems (Vcrsiolls 1.0 allcl 1.1).

‘.l’llc domain  tllcorics for Version 2.0 was “clcvclopcd  by a software mginccr  with little
Al l.)ackgmmd  . ‘.l’llc cumcllt domain  theory is being used to dcscribc  to analysts  the
overall l)roccss  of constructing planning dccoml)ositioll  m]cs and operators, with the
intclitjiou  tlllat f’urtl ~c] vcrsiom  of the dolnain tjl ICOry will bc dc!vclol)c(l  by analysts or
otllcr VJCA1{ users. ?’owards sul)lx)rt of this goal, wc 1 )avc bcml dcvclol)illg  a planning
kllowlcdgc  l)asc debugging (:lll~irc)lll)lcllt,,  whic]l IJrovidcs static analyses of tlhc planning
){~~~tt,l{:dg<~  h[~,~~ tO ~)~~i<)~l~~  SiT~Ip]C (:l~C(]iS f~l adl icvtlbili  t,y of gc)iIIs  ZI] Id rullt,imc  t,oc)ls LO
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isolate failing l)rcccn)dit)iom  [Chiml 1 994 b]. 111 currmlt IIlans,  mail]icllallcc and cxtcmiml
of tllc l)la]]]]cr and dcvclol)l]icllt  cnviromncnt,  will be supportm] by Al group pcrsolmcl
for tllc ll(!al’ futlll’(! (e.g., 1-2 years) with the iutcntion that maintmlall(:c aIld cxtcllsioll
of MV1’ will cve]d, ually  I)c t,akcl)  over by the ]magc IJroccssillg  Section, with tllc Al
group l)rovidillg  colltinuiug support ill a comulti~lp;  role.

(i Conclusions

‘1’llis  palm has dcscribcd  tllc application of AI planning  techniques to autolnatc  image
l)roccssillg. ‘1’llis  al)plication  has resulted in tllc ficldillg  of MV1’2. (), which rcduccs tllc
Cflbrt to produce radiolnctric  correction, color triplet rcconstructioll,  and mosaickiug
illlagc  l)roccssillg  l)mccdures  by over an order of nlagnitudc. MV1’2  .() uses a hybrid al)-
l)roacll 10 })lallllillg,  Ilsillg IIicrarchica] task  cic(:(J1lllJositioll  and (Jljf’1ater-1.)sc(l plaunillg “
])aradigllls, as well as traditional syntax translation Illethods. ‘1’his  successful applica-
tion is bcillg  (!xl)al)dcd to cover additional alcas  of ilnagc  l)roccssillg  aud fielding to
rclnot)c ullivcrsitlty  ilnagc  processing sites.
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